
8—.. >,
$%;:‘?

+(+;i
..

,.. ... ,;.

... LA-UR -81-406

‘.

C’..LYLY -“-%TJ \2. fc ‘“- Fj

74
.‘+:+&p&I!!#

TITLE: A -SUNSPACE DESIGNS: A NATIONWIDEECONOMICAPPRAISA!.

AUTHOR(S): Fred Roach, Economics Group, Los Alamos National Laboratory).
Christina Kirschnel, UNN

SUBMHTEDTO: 3rd P.nnua] ~liami International Confcrcncc on
Alternative I.incrgy Sources, Miami, Florida,
15-17 Dccembcr 1980

‘“~ DISCLAIMER
. ..”

““.7
,........ ,....... ...

,“, .

,.
. .

a.-

---
—

5 BV @conp:anca of this●mclo, tho publmhw recogmza thot ths

> U.S. Gowmmunf mlsins●nonoxcluslw, rovaltv.fmolianw

to Publlsh or mprodua the pubhsh=d form of thlc contribu.
8-

2
tlOI1. Or tO OIIOW OIh4tl to do co, for U.S. Govsttmwt ~t.

fmwt

$ TtM Los AlwnoI Scmntlflc Ltbomtorv mquettt that ttw pti.

Illhar identl& thlt ortlcle M work lmrfornwd undw tti Wt.● -

C pICOI of th4 US. D4p4rtnwnt of tn4rgy.
./’. \

ibis%? olsTnlBulmHOFlIIIS DIICUMIHTIs uNUMlm

LOS ALAMOS SCIENTIFIC LABORATORY
PostOfficeBox 1663 Los Alamos, New Mexico 87545
An MfhnatfveAction/EqualOpportuni&Hr@YYer

Farm No. 836 f73

S\. No. ?020

12J7tl

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



ATTACHED-SUNSPACE DESIGNS:
A NATIONHIDE ECONOMIC APPRAISAL

F. Roach
Los Alamos National Laboratory
Los Alamos, New Mexico 87545
U.S.A.

C. Kirschner
University of New Mexico
Albuquerque, New Mexico 87131,
U.S.A.

ABSTFMCT

Performance estimtes for attached-sunspace passive solar hezced residences
have recently been incorporated into the LOS A;amos/UNM EASE III model. These esti-
mates are used to ana”~yze the economic performance of a fixed dimension sunspace
design when attached to a pre-exlstifig single family residential unit. The sun-
space is a passive design which can be easily and effectively adapted to d re-
trofit situation. Several kcy paramters are carefully evaluated for the sun-
space retrofit design. These include loan 6r mortgage terms, ownership period,
resale potential and competing conventional fuel prices. General economic and
design parameters are combined in a variant of life cycle costing ●o evaluate
the feasibility of both owner-built and contractor-Luilt attached sunspaces for
220 regions in the contiguous United States. This evaluation is made for two
conventional fuel types--natural gas and electric resistance--and for three
resale values--O%, 100%, and 200%. Results show that the prospect for conven-
tional fuel displacement through retrofit of attached sunspaces is very good
with the design’s economic performance enhanced in regions with expensive converl-
tional fuel alternatives.

1. INTRODUCTION

Sunspace designs, In general, offer very high potential for passive solar
retrofit. This becomes important when it is realized that 70% to 80% of the
homes which will exist in the year 2000 will be of pre-1980 vi:ltage. The poten-
tial for home space heating fuel reduction through the use of passive sol~r
designs is greater for these older homes than It will be for post-1980 bores,+
The reasons for concentrating on older hews are three-fold. The first is the
fact that these homes will out number post-1980 homes for the foreseeable future.
The second reason is that because oldel homes have larger space heating fuel
requirements than new homes of comparable size, there is mre potential for fuel
displacement. The third reason is the lower furnace efficiency associated with
older homes. This Is true for homes using nat~ral gas, heating oil, some types
of electric heating and heat pumps. The heating oil analysis is presented (’lse-
where [1] due to space limitations and the ~re prevalent USe of both natur~l
gas and electricity on B nationwide basis. Ncw home natural gas furnaces have,
on the average, an efficiency of about 75%. The natural gas analysis presented
here assumes a 55% furnace efficiency; this figure is believed to approximate

● That is not to say that post-1980 hews shouldn’t be considered for PaSsive
solar retrofits In the ●nsuing years. A



..... ,

the average situation. The electricity fue; alternative here assures electric
resistance space heating at 100.%efficiency. These reasons support concentra-
tion on the retrofit market.

The Los Alamos/UNM EASE 111 code [2] is used to evaluate the ecoilomic perfor-
mance of a sunspace design. Performance estimates for eight sunspace configurations
based on two distinct geometries aw now included in the model. The performance
estimates have been developed by the Solar Energy Group (Q-II) at LASL [3]. The
sunspace configuration evaluated here is a fixed dimnsion unit of the lean-to
variety. It hitsinsulated end-walls and includes an wrier operated night insul-
ation option. The sunspace is assumed to be retrofitted to the south wall of
a pre-existing single family residence.

The EASE III code uses performance estimates for 220 regions in the con-
tiguous United States, thermal integrity characteristics, and residence design
parameters to calculate the solar savings fraction associated with the fixed
dimnsion sunspace under consideration. Region specific design and conventional
energy costs are used as the basis for the economic evaluation reported here.
Only the natural gas and electric resistance space Ileatingalternatives are
examined in this analysis. Other fuel comparisons can be found in [1].

Econom+c feasibility or competitiveness can be defined in many ways. The
discounted solar savings or net present value is one masure of the feasibility
of a passive solar design. This masure defines the benefits to the investor
for switching from a conventional residential heating system to a sunspace heat-
ing system with a convention~l back-up. All one time and recurring costs and
benefits over the period of analysis are taken into account in this type of life
cyc?e costing. The nonquantifiable benefits are only indirectly taken account
of through the resale value variable (discussed in the fcllowing section).

Twa design costs are evaluated here; one of which corresponds to an owner-
built de:ign, the other corresponds to a contractor-built unit. The difference
between the two is in the estimated cost of labor; no labor cost is incurred in
the owner-built unit. Standard sizes and types of construction materials are
assurred-

Results are presented in @oth mapped and tabular form. Maps showing the
220 regions are included to highlight the types of relationships found in this
retrofit sunspace evaluatiorl. The regions are defined as distinct multicounty
units with climatic conditions similar to the 220 SOLME1’ locations [4] used in
the solar performance analysis [5]. They are an exhaustive descript~on of the
48 contiguous !+tate~and thu District of Columbia. Tablm displaying the full
results for all scenarios are Included in the Appendix. The results serve to
emphasize the importance of the resale value parameter. Very few regions have
positive net pres?nt values for either the owner-;)ulltor contractor-built sun-
sp~:e against natural gas when a 0% resale value is assumed. The pict~re is
only n~rginally improved when the comparison is made for the electric resistance
alternative. The Introduction of loo% and 200% resale values greatly improves
the outcow of the analysis under either fuel type. Using the assumption of
100% resale, mapped results are presented to shw the extent to whicn cont”actor-
b~llt sunspace fares less well than the owner-built design. It can also be said
that regions which have ?’t21at~’Jely Inexpensive COflVt2fltiOf’Kil fuels are difficult
areas for either the contractor-built or owner-built option to compete. These
resultsare examined in detail In %CtiOrl 4,



2. NON-ECO!;WIC ELNEFITS

The economic evaluation of a sunspace design in~olves an added dimnslon
when compared to evaluation of a direct gain or thermal mass wall (e.g., Trombe
wail) design [5]. The question of non-quantifiable benefits Is of greater con-
cern. The IIfe cycle costing approach nomially er,ployed in such analysis can
only be mde to include these benefits with some difficulty. The quantitative
analysls presented In this paper only partially addresses these concerns. The
Impact of these benefits on the economic results presented ts an Irqortant -
Issue. The retrofit analysis undertaken here necessitates a rethinking of the
definition of certain key financial parameters generally used in solar economic
assessrrent. For a complete discussion of past assessments and the underlying:
parameter assumptions see [5].

The mthod of financing the solar Investment differs from that used for
new home purchase when retrofit Is being considered. Ignoring the case where
the builder/home owner pays cash for his attached sunspace, there are two methods
generally available--a horreImproverli=ntloan or a second mortgage. The fomr
usually Involves a short repayment period (5-10 years) with actual tmns vary-
ing from region to region. Second mortgage terms are sonwwhat more consistent
across a broad geographic area with the repayment period being longer than that
for a hom Improvement lo~n. Interest rates t?nd to be lower for a second
nmrtgage than for a hom Improvement loan. A second mort~age Is used as the
mthod of financing in the analysis reported here. The values of the appropri-
ate parameters are detailed ~n Section 3. -

Another key pararreterwith a major Impact on the outcome of theanalysls-—
Is the assmed resale value. The value given this variable hinges on market - ‘--
and non-market concerns, As the resale value of the sunspace Increases,so
does the value of the investnwnt. The actual resale value that might be -- “
associated with a sunspace IS partly dependent upon the struct~lreof the real
estate market at the tim of the resole. This, In turn, !s a function of a great
muny things (some of them economic, SOIIEof them not) and will not .. dtalt with
at len~th here. .

The resale value wI1l be affected In part by the deqree towhlch an apprecia-
tion of the non-market benefits Is shared by seller and buyer. Uh&nthe sunspace
has been transformed into a greenhouse It hi~sbeen changed froma room contain-
Ing storage barrels and a double-glazed south wall to a lush, pltint-filled
living space or year-round vegetable garden. This transformationcarries over
Into the residence where the feel and smell of the afr Is changed by the muls-
ture and fragrance associated with the gr~enhouse. ., .. . .. .

..,,
For many eople the‘appealof a greenhouse goes far beyond the heat It may

Rsupply to the ouse, The heat may, In fact, be a secondary reaton fur mwking .
the ~nvestrcnt. A greenhouse can be used tc extend the growing season and to
provide year round fresh vegetables. Certain co le value this quite hfghlyt.

!1For these types of bu.yersthe resale va’iuewou d e quite high and the seller.
recoups hls entire first cost. s . Y

... .. .. . .

The response of buyers to a retrofit greenhouse wIII not “becmsfstent.
Son~ parts of the country alrebdy appear to be centers of passive solar
enthusiasm, In a place such as Davis, Callfornla, the resale value would b, ‘ “ ‘
high; In other areas there may be no resale value associated with a sunspaca.
Men a high degree of acceptance 1s encountered It is almost ~mpossible to
separate the sunspace affect [heat supply) from the greenhouse aff?ct (amen~ty’
value),:. ~ :“ . . . ..,.O.: ~,- . - ,. ..

.,...,,:, ,,, ,: ‘.’~“ : , , :.,. ,, ● P.. ,..,.,,.,,.,, ... ., ,.,,. , ... ,: ., ,,- . .,,



In exploring the impact of the resale parameter on the economic results,
three polar values--O%, 100%, and 2C10%’--areused. This allows for a bracketing
of ‘easonable consumer expectations. A true minimum benefits analysis is
associated with the O% resale scenario; this implies that none of the initial
or continuing cost ~s recovered when the hom is sold. The 100% resale value
assumption or scenarlc approaches a conventional benefits analysis where
individuals recoup their investmnt through the proceeds from the sale of the
home . There may very well be cases where greater than 100% resale value could
and will be experienced. This possibility is dealt with by the assumption of
a 200% resale value; in this case it is assumed that the owner recoups twice ,
his initial investment when the hcm is sold. The results associated with these
three resale values serve to demonstrate the importance of the parareter.

Another aspect that will influence the attractiveness of the solar retrofit
is the availability of tax credits/rebates fcr the adoption of passive sola;q
designs. A federal law designed to give such tax credits has been proposed
several times. That part of the legislation was deleted from larger energy
bills before enactmnt. The Sol&i.Bank has become law but the inclusion of
passive designs must await formal rule making procedures from DOE and HUD.
Therefore, in the follwing analysis, no federal credits are assured. Several
states do offer tax credits/rebates for passive designs. Although the model
used in this analysis does allow incorporation of state level incentives, in-
adequate information necessitates that they also are not included as part of
the overall assessnwnt presented in this paper, Incentives, of course, enhance
the solar investment. The greater the incentive, the greater the benefit to
the homowner. The existence of federal and state iilcentivepackages could
have a positive impticton the rate of retrofit adoption if their nature kere
well known.

3. METHODOLOGY

3.1 Cesign Descilptiorl

The specific smspace design evaluated in this paper is portrayed as
Figure 1 [3]. The sunspacc has insulated end walls and celling. The south-
faclng plane Is double-glazed. The unit is 9 ft. (2.74m) high at the back wall,
11.5 ft. (3.52m) wide and 30 ft. (9,5m) long. The ceiling extends 4 ft. (1.23m)
out from the south wall of the residence. The night insulatim (P.j)is in place
from 5:00 PM to 8:OOAJ4. The thermal storage water containers extend th(:full
length of the sunspace.

The sunspace unit Is attached to the south wall of a pre-existing 1536
square foot ranch style hem. Heat is transferred to the residence almast
exclusively by thermocfrculationthrough the vents. The wall of the residence
is presumed to be of wood fr~rneconstructionwfth insulated walls; little if
any radiant heat is transferred to the llvlng space. There are vents at the
top and bottom of the back wall with back draft dampers. The vents account
for ap~roxlmately 6Z of the back wall area. The thcnnal storage cnntafners
are coupled to the sunspace floor and wall by radiation and convection. Heat
losses occur through the glazings, Insulated ceiling and end walls! and from
infiltration with some perimeter losses.

The design cost has been estimated for owner-built and contractor-built
units. The costing procedure Is detailed In Table 1.

The fixed cost components of the design Ilnderconsideration are the two
In$ulated end walls. The cost recorded for thts element is a straight dollar
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TABLE 1

SUNSPACE DESIGN COST*

Elements Owner- Contractor-
Built 8ullt

Fixed Cost Component

1. Insulated end walls $268 $487

Variable Cost Components

1. Glazing and framing $2.88/ft2 $4.72/ft2

2. Insulated roof .42/ft2 .83/ft2

3. Slab .g:/ft2 1.90/ft2

4. Barrels (therml
storage containers) 1.84/ft2 2.30/ft2

5. Night Insulation 1.5p/fcz 2.oo/ft2

Total Variabl~ Cost $7 ,59/ft2 $11.75/ft2

● All variable cost c m orients ‘)eported in dollars per square
~!of floor area ($/ft f .

cost. The variable cost components include glazing and framing (plus necessary
caulking), the insulated roof section, the conclate floor or slab, the metal
barrels used for thermal storage, and the night insu?at!on. The variable costs
have been translated from their unit prices into a “dollar> per square foot of
floor area” ($/ft2f) cost. This is the more common way itiwhich costs for
attached sunspaces and greenhouses are expressed. Use of these cost component
figures results in contractor-built sunspace custs of $4541, and wrier-built
system costs of $2887. These prices represent a national avera3e. They are
modified by a region specific cost adjustment index [5] to yield a sunspace
cost for each of the 220 regions included in the analysis.

The cost figures reported In Table 1 were estimated from contractor and
builder supplied costs for each of the structural components of the sunspace.
The materials are all assumed tc he standard sizes and to be readily available
throughout the country. The arithnrtic relationship between the quantities of
each elemnt necessary for the design and the total floor area of the design
was used to translate the tctual cost of each elerwnt Into a cost per unit of
floor area.*

3.2 Methodological Detail

“ The basis of the economic evaluation undertaken here is a comparison of the

r

● When the sunspace design costs reported In Table 1 are combined with region
ioecific cost adjustnmt factors the rezultlng $/ft2 cost ts generally lower
then those being reported by contractors t~day. As [he number of installed,
atta:hed sunspace units Increases, the cost will rapidly approach the costs
used j,?thlz study. Labor and materials estimates used here generally nflect
represet,tative dollar costs for 1980.

.



costs involved In the use of the attached sunspace and auxlllary heating systems
with that of a conventional heating system in pre-existing residences throughout
the contiguous UrlitedStates. SIA types of Information are used in the economic
analysis. Five are specific to each of the 220 regfons examined. The sixth is
comprised of a set of general economic and design parameters shown in Table 2.
These parameter valulzsare, for the most part,,consistent with previous evalua-
tions of solar potertial in residential applications [5, 6j.

The actual analysis undertaken here differs from previous efforts in one
respect. This paper deals exclusively with the case of a sunspace retrofit
design. It Is a~swned that the solar retrofit is being financed through a
second mortgage. The second mortgage terms used in the ensuing analysis are a
15% nominal intersst rate with a 15yeAr loan period. Resale values of O%, 100%,
and 200% are used to examine the affect of this parameter on the total value of
the investmnt. It has been demonstrated elsewhere that the value of the solar
investment, as measured by discounted savings, increases as the resale propor-
tion or percent incwases [7]. The use of three resale values in *;lisanalysis
allows for specification of the Impact of this effect on each of th’ regions.

The fue? price data IS used as the basis of the comparison between the con-
ventionally heated hom and the horrwheated by attached sunspace and conventional
back-up. Discounted solar savings, the primary measure of economic competitive-
ness of tilesunspace, Is defined as the present worth of the difference between
the cost of these two types of home heating strategies over the period of
analysis. The primary cost of the conventionally heated home is fuel--natural
gas and electricity; the primary costs of tne solar home are the initial sunspace
cost and the back-up fuel cost. It is obvious that both the present and fut(:re
fuel prices are an important piece of basic information, Maps 1 and 2 geographi-
cally portray 1980 natural gas and electricity prices for the 220 regions.
The fuel price data has been collected from personal conrnunlcation with the
utilities [8], Future year fuel cGsts are estimated using an escalation rate
for each fuel. At the present tim equivalent uniform escalation rates are
used for each year of the period of analysis [9]. These rates are included as
part of Table 2.

Three other region specific types of inforamtion are used; these include
heat loss factors (expressed in Btu’s per degree day per square fcot of
residence--Btu/DO/ft2res ), heating deqree days, and des~gn cost adjustment
factors. The heat loss factur fs used as a measure of the thermal integrity of
the residence, It is based on our interpretation of [1O] the National Conference
of States on Building Codes and Standards Model Code. This factor is a measure
of the maximum allowable heat loss from floors, walls and ceilings of the
residence, The heating degree days are used as a measure cf climatic severity
In heating load calculations, The design cost adjustment ffictors are used to
transform the sunspace cost from a national average (see Table 1) into a region
specific cost. These adjustment factors are based on Mean’s Const~uction Cost
Data [11] for all regions.

The principle source of costs associated with the sun~oace are the initial
construction cost and the cost of the conventional (back-up) fuel. The largest
monetary bcneflt Is the value of the conventional fuel displaced by the design,

“As previously discussed, a hon lmprove~nt loan IS a second financing option
available to home owners. The terms, both Interest rate and tlm period, are
usually less f~vorable than those for a second mortgage. Lse of a hom lmprOve-
rnent loan flnanctng optfon, ~,.mld In fact, ~“~rade the results reported In
Section 4. If the diffennc~ In financing t ({ens had been very slight, major
findings and conclusions would be uncha~ged.

A



TABLE 2

ECONOMIC AND DESIGN PARAMETERS

Economic Paramters for Retrofit Sunspace Analvsis

Loan Interest Rate (Nominal)

Discount Rate (Real)

Cbwn Payment

Property Tax Rate

Federal, State, Local Incom Tax Bracket

Resale Value or Rate

Annual Inflation Rate

Fuel Price Escalation Rates (Real)
Natural Gas
Electricity

Loan Period

Period of Analysis

15 %

3.5%

o%

2%

25 %

o%, 100%, 200%

8%

3.6%
1.4%

15 years

15 years

Design Parameters for Attached Sunspace

Length 30 feet

t!eightat back wa’1 9 feet

Midth 11.5 feet

Floor area 345 Sq. ft.

Effective collector area 270 sq. ft.

Glazlng plane tilt fronlhorizontal 500

Room temperature control range 650F-750F

Sunspace temperature control range 450F-950F

Thermal resistance of night insulation R9

The value of the displaced fuel is calculated by applying the region’s fuel
price to the anmunt of fuel disDlaced. For those years beyond year one (1980)
this value IS calculated by using fuel specific escalation rates. Secondary
costs include interest payments, property taxes incurred because of the pres-
ence of the sunspace, and maintenance costs, Property tax and interest charge
incon tax deductions are secondary benefits, The details of the methodology
used in the analysis can be found in [12].

The Los Alamos/UNM EASE 111 model combines sunspace performance estimat.s
with the hcsic data inputs in d variant o! life cycle costing to evaluate th?
economic performance of the design. Four aspects of the design must be care-
fully analyzed to make such an evaluation-- the heat displacermnt capability of
the design, the heating load of the h- without Its solar component, the cost
of the design, and the cost of the conventional fuel alternative. The heat
displacement capability of the attached sunspace is enbodied in the solar sav-
ings fraction (SSF). This define~ the ProPortion of the home’s heating load
ikich can be supplied by the sunspace. The SSF is calculated from performance
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estimtes made else,.here by Fl~Farlandand Jones [3]. These estimates are pro-
vided as solar load to collector area ratios (LCR’S) and are ~sed in conjunction
with region specific hedt loss factors and residence design specifications to
calculate the projected collector area requirencnt for a range of solar fractions.
The projected collector area of the specific desig[~ (270 sq. ft.) analyzed here
+s then used to identify, by interpolation. the SSF for each region.

The solar savings fraction ts then combined with the home heating load to
calculate the energy savings In millions of Btu(R’?~u) per year associated with
the retrofit sunspace. The hom heating load is calculated as the sumof the”
load other than the south ’all load and the load on the south wall. This sum’
represents the total Btu heating requirement of the residence under considera-
tion. The solar savings fraction represents the proportion of this heating
load which is provided by the sunspace. The value of the fuel khich is displaced
is the basis of the economic evaluation.

The primary measure of the benefits derived frorrithe use of the sunspace
design is the discounted solar savings (also known as net present value). It
is defined issthe present value of the difference between heating a home with
conventi~nal fuel and heating the same home with the sunspace and back-up
systems.

The costs of the attached sunspace design and the cost of the conventional
fuel alternative are expressed as dollars per unit of energy figures ($/MMBtu).
The design’s energy cost Is the sumof the one-time and rectirring sunspace
costs and back-up system costs over the 15 year period of analysis. This is
then annualized into equal yearly payments. The conventional alternative cost
is also annualized over 15 years, These measures are then used to calculate
the net present value of the design as follows:

. . .
where:

-.
. .

. . . .

. . . .

4.
. .

.. .- -

used

~pV= (AFP - OcH) ● HHL
CRF

. . . . ... . .

AFp= costof conventional

. . . . .

fuel annualized over 15years ($/~Btu)
. . .

DCH ● cost of combined sunspace and back-up systems annualized over
15years ($/MMBtu) .,.,. .-.,, >------ ;>.. ..-. .L. . . . . . .

. . . -.
.

~til=home heating load (WiBtu) - ‘-- “-:- - ‘“ “’ .’

CRF-= capital recovery factor .- ‘:., “ --
.. -.. :- ...,.. .. . .. “-------,....,,:....-. . .. .

,.., .....:-. .. ...
RESULT;-:”,;: ~., ;-:,‘e. ‘,-:. .-,- .,.: ., - . : -.. .

The result;”presented!here tnclude a series of interrredfate calculations
fn the life cYcle costing procedure and discounted solar savings for 220?

regfons in the con~iguous United States. Twelve combinations of sunspace construc-
tion options, resale values, and alternatik= fuel types were analyzed (Table 3)...

..... *
The costof the traditional furnace has been excluded fromthe heating costs

of the conventional and “solar-assisted”homes. Idhilethis exclusion may affect
the numerfcal results In new home analysis, general findings and conc?usfons

.-.. aren’t affected. In an analysis of retrofit applications the horcowner probably ‘
wouldn’t ccnsider changing his conventional home heating system simultaneously
with his considerationof solar retrofit. In ?{@t of th,isconsideration.
exclusion of’furnace costs ar2 not Inappropriate.

‘.
.... .. .,

.



TABLE 3

CASES INCLUDED F9R ANALYSIS

(All Comblnat?ons)

I Alternative Fuels Natural Gas,
Electric Resistance I

Full tabular results are included as Table 1 through a in the Appendix. Selected
mpped lvsults are presented in this section. The in.~rmediate calculations are
presented to aid in understanding the physical performance of th,edesign and the
relationship between the physical ~R;formance and the economic performance. Map
3 shows the reference hom heating ioad for each ragion. The heating loads range
from 4 mi?lion Btu (MllBtu)in Miami, Florida, to 99 MMBtu in InternationalFalls,
Minnebota. The heating load is a general indicator of climatic severity. Homes
in coastal locations have lower loads than those of like latitude interior
locations. This is in part’a function cf the moderating influence of water.
Regions in Northern Mid-Amrica have the highest he~ting loads in the Urlit~d
States. This area occupies n mid-continental position and experiences severe
winter conditions. The northern Rocky Mountain area als~ exhibits very high
heatfng loads. The lowest loads are ex~erienced by low elevations, low latitudes
such as the lower Mississippi Valley, the Gulf Coast And the lower Southwestern
desert areas.

Map 4 portrays tilesolar savings fraction (SSF) associated with the fixed
dinmslon sunspace design defined in Section 3.2. The solar savings t’rdctlon
represents the proportion of the how heating load which is offset hy the fixed
dirrensionsunspsce design. The SSF ranges froma high 95% for West Palm Beach
and Miami, Florida, to a low of 22% for Vermont, three regions in New York, and
Houghton, Michigan. The extrem SSF values dre not,always associated with tht
extreme values of hom heating loads. While InternationalFalls does have the
highest home heating load it does not have the lowest SSF. The climatic factors
which result in excessive heating demands are not identical with those whict,
limit the performance of the sunspace. This difference is primarily related to
the ~ncidcnce of overcast days and, thus, the availability of sunshine,

Map 5 geographically portrays the result of combining Maps 3 and 4, The
total energy savings (expressed in MMBtu) associated with the sul,spacedesign Is
simply the product of the reference home heating load and the per home energy
saving potential for each region. The greatest energy savings will be experi-
enced in the Intermounta?n West, regions of Utah, Nevada, Colorado and New Nexico.
These regions exhibit moderiiteto moderately high heating loads and moderately
high solar sevings fract{ons. These areas do have severe winters but are typi-
fied by a high percentage ofsvailable sunshine in the winter. This combination
of attributes fisults in a high energy saving potential.
hi best SSF values do not have very high heatifigloads.
!fa rly small energy saving potential.

Maps 6 and 7 portray the ‘irst year (1980) d~llar va’
energy saved by the retrofit sunspace design when ~atural
respectively,~re used as an alternative (back-up) fuel.

The areas-with the
hese areas have a

ue of the ronventlonal

!
as and electricity,
his is one important
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neasure of the economic performance of the sunspace design. The dollar value
figures contained in Maps 6 and 7 are the product of the total energy savings
(Pl?+Btu)and the price of the fuel ($/MMBtu equivalent). The regional fuel
prices were previously displayed as Maps 1 and 2. Uhile this dollar value of
the energy saved figure Is equivalent to the first year savings, it is fairly
indicative of the level of total discounted savings which could be achieved
over the period of analysis.

Regions with low fuel prices will have low dollar value figures regardless
of the physical performance of the design. For example; Atlant~, Georgia, has
a SSF of 49% and a total energy savings of 22 MMBtu. Natural gas prices are
low and the dollar value of that 22 tlMBtuin the first year is only $59. The
dollar value of the sam amunt of displaced energy in Chicago is $262. The
SSF In Chicago is only 29% and yet the value is almost three times higher. The
physical performance ~f the design is not J good indicator of the sunspace’s
economic performance. In general, the regions demonstrating the best economic
performance have nmderate to high levels of fuel displaced and high fuel prices.

The West and Pacific Northwest ge~erally have high natural gas prices;
this Is reflected in high dollar value figures against natural gas in most
pcrtions of these broad areas. Maryland, Massachusetts, and Illinois also tend
to have very high natural gas ~rices. Because the cost of the fuel tends to
dominato the physical performance of the design, regions with mdiocre physical
perfGmance and very ex~nsive fuels show good economic performance.

Electricity prices are always higher per unit of energy ($/MMBtu) than
natural gas prices, Regions in the state af Washington are the only exceptions
to this rule. This means that the dollai value of energy saved is always greater
(with not[?dexceptions) when the conventional alternative is electric resistance
than it is,when natural gas is the &lternative fuel, Electricity prices are
more a function of Individual utility rate structures than are natural gas pr~ces.
This results in a less well defined nationwide pattern of dollar value saved
against electricity than against natural gas. This leads to a situation where
nearly identical total energy savings for two adjacent regions results in very
different dollar values for that energy, For example, New York City and Messena,
New York ex~erlence 19,5 M+iBtubnd 19.6 Ft4Btusavings with this retrofit design.
The dollar value of that lev~l of energy saving against electricity is $609 in
New York City hnd only $260 in Messcna. The patterns of 1980 dollar value of
displaced energy closely approximates the patterns seen on the fuel price maps
(Maps 1 and 2).

Discounted solar savings for both owner-built and contractor-built sunspace
aga?nst the natural gas and electric resistance alternatives are displayed on
Maps 8 through 11. A 1002 resale value is a sumed for all four maps. The more

$expensive contractor-built design ($11.75/ft .of floor area variable cost) doesn’t
fare as well as the owner-built design ($7.50/ft2 of floor area). When the
alternative fuel is electricity, the more expensive of the two fuels, the
differences are primarily between levels of solar savings and not between a
presence or absence of positive savings. In the case of the conti-actor-built
design fewer than twenty regions exhibit a negative saving characteristic. These
are prlrnerllyIn the Pacific Northwest, Tlorida and Tennessee; these specific
areas have unusually inexpensive electricity. Only four regions exhibit large
(-$1000 or nmre) negative savings for ths owner-built design--hlfamiand West
Palm Beach. Florida, Springfield, Miss~wri and Seattle-Taconu, Washington,

The differences are more striking In the case of the natural gas conventional
alternative, Less than 50 regions exhlbft pos~tivo savings for the contractor-
bullt sunspace; these are primarily located In the West, The owner-built design
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+S feasible In mre than 120 regions. It should bc noted that many regions are
fairly close to a positive savings level for the owner-built sunspace. Slightly
higher fuel prtces or slightly lower solar costs would be enough to push these
regions to a positive position. Many of the regions fnwhich the sunspace
design can compete against natura7 gas today are In the Mest. This Is indica-
tive of the dominance of the natural gas pricing structure on the results of
this analysis. Regtonsw~th very high levels of discounted solar savings (Map
8 through 11) are the sanm regions with moderate to high levels of displaced
fuel (Map 5) and high fuel prices (Map!i‘1af?d2). The nationtiidepsttern of
discounted solar savings mirrors the pattern of the dollar value of ●nergy
savings (Fiaps6 and 7).

The effect of varying the resale value frm 0% to zoo% IS quite dramatic
Figure 2 shows the discounted solar savings experienced in three locations for
the owner-built sunspace design against a natural gas conventional alternative.
The difficulty of empirically addressing this parameter has been examined else-
where [7]. The resale value of a retrofit sunspace varies from region to region,
making the job of identifying the Increase in sale value of the home which is
attributableto the design a tedious and difficult task. It is necessary to
make some assessment of the real resale value that may be ass~ciated with the
retrofi~ sunspace design before definitive statements can be made about the
overall economic feasibility of such a design.

. The changes In tl.enationwide pat’te,n of discounted sv~>r savings #ith
variation of the resale parameter arfl:impressive. Less than 75 m?gions have
pc~itive discounted solar savings for the contractor-built sunspace with an
electric resistance back-up at the 0% resale value. Uhen 200% resale value is
assumed, 210 regions have positive discounted solar savings. This cc-. risen
can be made by cxamfning Table 2 and 3 fn the Appendix. Discounted : tar sav-
ings are displayed for all three resale values in these tables.

I
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5. CONCLUSIONS

● The physical performance of the fixed dimension retrofit sunspace is
best In the areas of the IntermountainUest whicn !~avefairly high heat-
ing loads and h?@ levels of &vailable sunshin?.

● Regioncl fuel price levels tend to dominate the outcome of the economic
dntilysis. Regions with hl~h fuel prices show good economic performance
even if the physical performance of the sunspace is no? particularly
good.

● The resale value of the retrofit sunspace design is an extremely
important parameter. The results presented here should be used as
lower (O%), middle (100%), and upper bounds (20L%) of t+e final appraisal
of the design. The 100% resale assumption represe~ts owner recovery
of initial costs.

● The owner-built design offers the homeowner ample opportunity to recoup
his first cost and maximize savings.

● The sur,spacedesign has a high potential for part{)lly offsetting the
residential space heating demands of the nations’ older homes,
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TABLE 1: SU!iSPACE PERFGR!’MCE CHAUCTERIST!C5
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Table 1 (continued)
CHLM s SF Tsv TSVdG TSV12E

. 26el ile 72 id. 77 lt)vo 31%
43.1 (H; 22m89 y: 289.
32.8 20. kO 361*
63.4 0.57 24.93 153. 3d4e

8bs7 0:22 ~ ltL90._.. 82._ 297.

‘f;gw(-~”’”““ -_

-..

50.3 0s48 ;;:;; 104. b04e
[;~:c:~o 55.0 O*41

5be7
as. 54b.

0e42 24ei36 325a., - .- 439.-.-. : . . ..
uA~~{Wdj~:N

68ss 0.35 24. 0
SEATTLE-7AC(NA 6bol fQ*3b 23* b
SPJK.$NE 79.+ 0632 25,19
hHII)13EY —- - ——. y: g 0e42 27.63
YAKIMA ., , ,, - 0.35 z5.d6

‘“cw~t$N ‘“ ‘--- - -“-””-6j:; -””-@ jY.g4
HdNllN T(JN .33 00 7

.. . . . . ..- ., , .. -

i?
biYGMIN ‘:-’

CASP R
CHEYENNE .. ‘;.’
RGCK SPRINGS ‘“ ““
SHERf LIAN . . . ,

.,, ,+ #,
?r!s ::.

. ,“’

.. . . . - . -.: .

-------

. . •~.*.-[-

t
58e 77%
94. ?b ●

232- 193.
286m ‘;;;: .._”
279. .

.. ,



. .

-.

TABLE 2:

ALA9Af4A
81RIIINGHAP!
HdtilLE
MGIVIGOHEAY

ARIZONA
PHUENIX
PmESCOTT
TULSON
k[NSLOh
VUHA

ARKANSAS
FOkl SMITH
LITTLF ROCK

CA1.;.;R#A

bArtERSFIELll
EL TORI)
FRESNCI
LU5 ANGELES
WIIE$HASTA

~fi!!#%Gu
RED BLUFF
S4L4AAENTQ
SAN DIEGU
SAN FRANLfSCO
SAI’iTA PIARIA
SUNNYVALE

ECOt+OffICINDICATORS

0% Resale
NPVG

-1075.
-llw6a
-1305.

-17*2.
-1J7.

-22ub.
-3dd9

-21Y70

-1615a
71925.

1739.
-7A8e

050
-22L8e

-9Ua.
5207e

-19U0.
-776.

-11+9.
22/2.
-4J0.

‘15J80
8A4,

1204e
-923a

CONNECTICUT
HARTFORD -16910

FL

SE

t4

LA
ACH
LE

H

-12A70

-L3do.

NPVG - Net present value
fuel alternative.

-15530
-1603.
-13J9.
-29v2.
-20A9.
-14d20
+n;f:

NC$~~

1589.
9d3.

1174.

1797.
w:

5993.
590.

i:;::

32$;:

3;+;:

~~Pr),
-332.
-414.
1894.
2M:

-:;:;:

4?093.
Z;w:

285 .
!435 ●

376bm
318bo
3324,

1633.

3540.

974.

ln71,
-920.

J
794.

- ~453.
- g$.

7
-361:

-Zldo.

FOR OWER-BUILT SUNSPACE

100% Resale
niPvG

5150
w:

-o.
1605.
-35’4.
14;4.
-/6;5.

-360
-320.

3599.
1126.
18’35.
-376.

772-
7126,
-172.
l;;;;:

4/31.
14290

313.
2721-
22210

934.

;:;;:

:5200
492.

2037.

-101.

5020

415,

92.
-68,
286.

-1337.
-404.

2330

1
-47 ●

-113 ●

ruPvE

317$.
257t*
2E73e

3535.
a231.
;;$$:

2332m

573.
3127.

5082,
1s57.
5151.
:;g :

$
1527,
1314.
37el.
3a6a.
2j:;:

4e3E.
:;;::

2984.

4561s
4110.
552Ca
%93$9
5C340

3224m

525eti

2709,

7659.
695.

341s.
-e49.

627.
;;;;:

-5?5,

200% Resale
NPvE

4769-
416tI.
4569.

52LJ1.
9973.
$:7;:

4074.

2612.
4762*

p:

6891o
39b2m
7Fl%f3.
3386.
30+2.
5669.
y:::

2157.
p:.

Wj;

$$:::

7273.
669J.
b744e

4814.

6977.

4444.

47~4,
2310.
5:;::

2244.
alaeq,
p:

.

of the design when n~tural gas 1s the conventior,al

NPVE - Net pr~scnt value of the design when ele~tric resistance ts the cw-
ventjonal fuel alternative.

Econom~c Indicators are detailed In the text.



GEORGIA
ATLANTA
JUJUJ;:l A .

sAv Afvri.4H .

JDAH
f8U SE

LEd15TON
POCAIELLLI

ILLINOIS
W[w;:o .

SPA1NGF1EL9

INDIANA
EVANSVILLE “
FGRT WAYNE
!NOIAhAPOLIS
ilOUFll 8END

IOhA
8URLINGTCIN
DES MOINES
MASLIN CITY ‘“-
Sioux CITV “

Table 2 (continued)
O% Resale 100Z Resale

fMPIG NPVE hPVG

-21s ●

\
~b,g. “531O

-9* ● 619-. 6’)1s
-9d9. :,70.

-1209.
63C0

>?~>e 258.

-572. 745. 11170
-13L9. -w: 36C.
-2 *4. 1446.

Ki4?’UCKV

!
L~V NGTUN
Ltv NGTON
LuUJSVILLE

LOUISIANA
8ATUN ROUGE
LAKk CKAHL”S
NEu ORLEAN !
Shreveport ‘

MAINE “
8ANGOR ““-’
CARIBOU -; “~
PbRTLAND ‘:”

2850.m 4:::
4304.
20260 -51.

MARYLAND “.’!.> ..
8A LTlf4URE 7910” ‘2480- 23430
PAT JXENT RIVER 5(J90 1262. 22120

-196.
-7A40

Idz.

-1277.
‘20s9.

ml:

-15d9.
-17’23.
yi:

-72?.
‘916.

- Sati.
1- 517.

+:::

-23>0.

- 9*7.
f- 704.

-20j90
-17iJ20

- 2A7,
I- 598.

-1702e

1135. 368.
357. -255e
19 ●

f
-346.

38 ● -374.

3080. 927.
4w~: 138.

$
243,

184. _ ?7.
- ..

-1$$: -alb.

i
-348e

- 170 -54A.

-1423a ‘b43m

J
- 88. -131.

21. -410.
142- -1300

. 0 ..,,

55 ●

311 ●

-46t),
+;::

-560
.-100.

hPVE

2246.
216to
2C3:.
377s.

2434e
200.

2s05.

2C3$o
2943m
1691s

278 C-
2::~:

J 153.

25e2.
M;$:

4794.

4734.
6131.
3482*
4037.

-.

1576.
182C.
16720

082.
1385.
215C.
1714.

t
;:j:

373C.

y:

1604.
..-

2136s
zql%.
2::5:

i210.

1
1090
273.

. .
?49?.

if
C3 ●

28 ●

2395m

200% Resale
NP WG

.. m..-

28d7.
2020.
31s50

,20A2.
15J0.
A4*d.
13V3.

lbo2.

I4*A.
2L9.

A443.

20/ .
ilbo .

16*?.

37480.

,. ... . .’ ., :
1,.. . ...,



Table 2 (contfnued)

HI;::w:~:P

MERIOIAN

MISSOJRI
coLuM8fA
KANSAS C
SPKINGF1
ST LDUIS

i

JTY
ELO

HDNTANA

! ILLINGS
UT BANK

DILLON
~~A%LilH

HE
LE ._
MILES

.- - - - ..
WAFALLS

ulSTOtdN
5 CITY

MISSWLA

NEBRASKA
GRAND ISLAND
tWRTH PLATTE
OMAHA
SCIJTTSBLUFF

hlEVAaA
:~;d

LAS VEGAS
LUVELOCK
RENa
TONCIPAH
UiNNEHUCC
VLCLA FLA

A
TS

NEW JERSEY
I.AKEHURST
NEwARK

0% Resale

NE II Y13RK
ALdANY
BIN3AAAT
dUFFALO
HASSEN,4
NEN YCJRK
ROCHESTF
SYRACUSE

‘i

NPVti

1120.
577.

1598.
3477.

-1732-
873.

-1810
245-

$
81.

- 34.
-190.
-:;;.

1321:
- a34.

;:5;:

646*
2915.

899e
3954.
139A.
6522-
7032.
:;5::

2303a

1504.

1846.
3A79.

$:9$:

$:;7:

2273.
:;;!:

-232s

-!~d~:

3437.

$1: :

i 75U.
4147.

669,
1261.

Ii
1 8s
3 5.

100% Resale
hPv~

7::.
9

-203.
28.

-175.
293.

590.
4i7.

1066.
:~;~:

585.
-1+10

630.
489*

074.
-1%60

576a
343.

933.
865-

-151.
~.d413.
2446.
W:

lsi.

525e

1??:

2576.
214Ca
4147.

863.
949.

1026.
1570.

::w:

-L129
4~~:

-58,
10100

2997.
2292.
1110.
23S2-

1::+:

h?vE

2729,
?10?.

330C.
c~~:e
lot.

2575e

1556.
1971.
2208.
1CC3.
153+.
1474.
lbsc.
3::;:

5804.
35e7.
2437.
4555.

2643e
5682.
3120C
e2t6.
e776.
9eel.
826Ca
403L*

3185.

3t65a
5C6S,

7s3?.
9?~43*
750d.
51610
4CO$.
&19t.
9508.

15340
1$88.
e54,

A1560
;;::.

1$3C:

3300.
=6!ll*
22s5,
2773.
27C5,
2651,

290% Resale
NPtiG

23LAe
16zla

14V9.
18ubo
~boam
1995.

2237.
22J3.
2193.
12s2.
$;;::

1536.
23b7.
22A50

2bloe
15Y8.
23b7.
2007c

m:

!I
150 ●

359 .
4190.
w:

18ct0.

22U6.

18?4.
2c)dti.

p;:

5004.
2buOa
2bcIbo
$;;$:

NPVE

5002-
7!%?.
19+40
4276.

3293.
3698.
3934.
2740.
p;.

33Tb;
479s.
2619.

7548.
5731.
422be
6403.

5485,
6958.

9669.
10680.

9644.
6898.
5746.
7932.

lL244a

lb~ao 3 99.
1346* ?3 039
13J0. 2765,
2294. 2921.
ltJ39. 7046-
17*7. 3643.
27i30s’ 36930

y: 50109
,717n0

27+Om 3929*
38040 4284a
23d20 424 ●

26d90 4436 ●



Table 2 (continued)
100% Resale 200%’Res?le

NORTH DAK.OTA
8i!j4ARC14
FARGIJ
HlfNi)T

. .

RHODE iSLAND ‘-
PhOVdDEtdCE

SO. CARUINA -“.
CHA4LESTbN
cGLuHaIA
gw;vw

SOWIJ~AKOTA

P1kNRE ‘
RAPID CITY
SIOUX FALLS .

TENNESSEE
CHAITA!{OOGA

\

KNOXV LLE
HEMP)+ s “.
NASHV LLG...

0% Resale
NPtiG FiPVE

1502.
sz~.
662.

1039*
-3J5.

#
66.
00.

1074.
1316-

76A.

am:

!!
79.

- 02.
-129.
A291O
-295e
-29 ●

J1:;6;

638.
262.
51 ●

b40 ●

25220
757e

-Aod4.

-104 ●

i-13$4:

-6d5a
. . . .

-7s20
-5>2.

5Ab9
-A3d2m

-164J1O
: $d:

\- 7+40
,., . .. .!

NPVG

035.
973.
\84e

-355.
1475.
-4b7m

-35.
-47.

-lHo.
-225.

444.
37?J.

785.
320,

-199.
3642.
17>5.
1754.
3697-
17810

\
6060
147.

m::

362.
473.

630.

529.
229w

I:g::

8730

M:
353*

-60e
-14s.

-d:

1459.

f
3150
304.

1649.
Aio6.
IboY.
15V+.

21u70
21980

209 ●

t17/ ●

31030
2+d4m



Table 2 (continued)

PuRT aRTI+UK
SAN ANGELO
SAN 4NTdNlI)
SHERMAN
UA~O
HICHITA FALLS

UTAH
aRYCE C4NYON
CEDAR CITY
SALJ LAKE CITY

VEliMONT
8URL1NGT(JN

VIRGINIA
NOkFO1.K
RICriM(.)ND
ROANOKE

UA~;$i#;fN

SEATl’LE-
SPOKANE
M:::r

TACGMA

u. vIRGJNIA
CHARLESTON
HUhrlNGTUN

UI SCONSIN
EAIJ CLAIRE
GAEEN tiAY
LA CROSSE
MAJISON
MILHAUKEE

./
WYQ14 NC

CA PER
CHEYENNE
R(2CU SPRINGS
SHEKIDAN

0% Resale
NPWE

-1C15.
l~w:

197.
1050.
1312.

4029.
: m:

-27.

3b51e
31290
191O*

-510.
-2.329e
-!:;::

-111?.

-t07q,
-795.

36.
-141.
i p;:

2462.

m:

1251,
-5A,

100% ”Resale
NPV3

-449.
331.

-275.
1305.
-270.

3990

11329.
11910

b59.

-729*

-432,
-540.
2687,

455.
946e

1272.
f::!:

734.
13d2m

lw:

17000
2401-

423a

1257e
3056.
2763.

713.

200% Resale
NPtiG rdPvE

1225. 32d3-
20>1. 4457.

:;;::

42010

3300.
21u70
34?>50
41s50
zlv4e

7239,
1133?.

986A.

3363.

6909.
6312*
505&0

7;:;:

7n\9.
7&f3a
7aq7*

?0?7.
1?17.

3503.
p:

48009
5904.

w:

4807a
35050



TA9LE 3: ECOROMIC IKLICATOR5

02 Resale
NPdG NPVE

109% Resale 200% Resa?e
---- h?vf iuPvE

212?.
152ja
AlstI.

23S4a
70870
w:

11870

-IGS.
2C4Se

?ecco
F38a

4cce.
518.

4Q7h.
p:

254En
2725e

eoe.
-GAG.
3e45.
2747.
3362.
16516

3436.
4s55.
4359.
3783,
:Slco

2172m

4128s

156fo

15R!I.
-?710

+:;:
-437.
17Q5.

1$50
-lt350

*5db.
4005.
44dA.

ARIZ(N4
PHCENIX “
PRESCOTT --
Tu(S02
W!KSLOM
y(Jy4

-39+1. -402 s “-]145.
-23>6. 4290- 4610
-45>40 1410 -1s66.
-25J7m 37s4. 29Cc
-43960 ‘1609. -1600s

bP.KfiliS4S
FORT SYITH
LITTLE ROCK

-37~2e -2743. “ -?117.
-40d7a -500. -A399.

2382,
-94.
6(j2.

-1568.
-371.
59C9.

-1398*
-1220
-552e
2;:::

y;:::

1957.
-299.

—

.

——.—-

6464.
4674.$UM4YV4LE-

6182-
7773.
71b2.
ebo2.
6656m

. . ... . .’. .

-37A1. -387. -?.1520

.
CONFJECTICUT -

HWTFORO

cEL4h4Rs
tiILM1N5TON -

0[S OF COL ●:
H4SHIYGTON “.,.

-: ”-----

14d7.

-330d. 13b9a -6280

-725.

-997.
-1134.

-7s60
-2390.
-1471.

-946.
-1556,
-2196.

-351C. -1216.

4“ ‘“
4CH1COL4
7N4 BE4CH
;ONVILLE ~

ho -
4HassEE”
4

OA~q SEACH
,-..,. . . .. .,. ..”-. . . . . “.’:-. . . . . .’ \

. . .. . .
-i.-. r...’ . .

● ✎ ✎✎ ✎ ✎ ✎ ✎

✎ ✎ ✎ ✎ ✎ .,. .-,- . . .-..-
,.

NWG - Net present valu;””ofthe .deslgnw5en natural gas IS the conventional
-. fuel alternatlveo ......-.” . - .;., ..-. ,.,’ . . . .,“, ,.

NPVE - Net presentvalue’ofthe”dekfgnwhen electrlcres~stance Is the”con=-
ventlonal fuel alternatlvea J ~ ‘ “

- .,-.. .., -.
~cor~ornlcindicators are detailed {n the text. .



Tdble 3 (continued)

0% Resale 100% Resale 2CO% Resale
tiP dG NPVE hPVL RPVL

1192.
1::$:

7755.

1222.
-912.
1797.

e75.
w:

lt95.
<710
009.
GS4.

1425.
2676.
2585m
364:.

y:

23130
3747.

445.
68S.
49s.

-60;.
345.

l:;?:

74n9.
4!64.
260S.

3039.
le21.

374.

100C.
!2T0.

%96.
1426.
2S92,

-27,
lc55e

l%4no
p:

1215.

CEORGI d
ATLSp/TA
UJWJ;T4

s4vAvr44H

ID4H0
9CISE
LEhISTON
PCIC4TELL0

-1588.
-424.
-4J2.
-767e

-27J9. +:;;:
-3606.
-2361. -91/.

ILLINOIS
W;go

SPRINGFIELD

-23d3. -1971-
-29>0. -10670
-2d07m -2232.

-3301. -949. ‘ -7170
-4207. -A1392. -1425.

-1522.
-1533.

-4400. ‘2068.
-43079 -lti4i.

+;:;: -1403.
+?:

-35300
-37A7. 81;.

-924.
-11200

-71G.
-PQ7.

-163.
-352e
-926.

-1014.

+::

-1714.

-2133.
,:::;<:

-1170.

-65’f.
-1038.
-li75.

1263,
11290

63C0

-5910
-lo/lo.
-1670.
-139G.
-14060
:~m:

-792,
-8100

-10’15.
-1038.

-2821. 98b-
-30A0. 2383.
-3704. -546.
-M12. 10B9.

KENTUCKY
CObIVGTflN
LEXIN;TCN
LOUISVILLE

LCUIS!&!;a
P&T0t4 ROUGE
L4KE CH4RLES
NEW ORLEQNS
SHREVEPORT

HdIXE
B4NGOR
C4RI130U
PoRTL4PJ13

B4RYL4ND
94LTIMORE
P4T1JxENT RIVER

-47da.
-42*U.
-4504.

7679
2222*
-129.

399.
-8!.8.

‘2639.

-1774.
-1647.
-1951.
-1557*

-280;:
-19280

[ 0s

!4AP.IE
CITY



------
Table 3 (continued)

.-

100% Resale
hPvG hPvE

2002 Resal~0% Resale
lvPtiG NPVE N?vE

-29L9. -$08.
‘3bA&io -165%.

-351. 167C,
-1040. l\73.

-1322- Zlec.
-1175. 41110
-:~m;: -1C$3.

14550

.

HCNTAN4 ‘“-
BILLINGS -
CUT B4NK
DILLON
GLASGOH .
W~4F4LLs”

LEHISICaN
%ILES ClT?’
dlSSOUL4

-e42.
-650.

-69.
-1647-

-114.
-150.

-1326-
-511.
-646.

-272.
-:;:::

-a93.

--- —..
-212.
-271-

-1297,.
733.

13aco
1::::

-986.

-5a2.
. .. . . .

+;;:

. .. .. . ....-

415.
Q360

1973.
-138.

401.
335.
515.

?$17.
-242.

;:5:.

1262:
3513.

i497.
454t.
1584.
712C.
763C.
;{4::

20s5.

2c7e.

2%73.
3E34.

6792.
7e020
tltl.
;::::

5C55.
8367*

375.
C6Co

-39;:

405%,
t55.
772.

.4 -,..

231 ●

2465 ●

1223.

\

77C,
0Q4C
054,

AE9RASKA
CR4NiJ 1SL4ND
NUR?II PLATTE
C)’4AH4
SCCTTSBLUFF

745d.
5b41.
4136.
6313.

NEV404
y:o

14$
LOVE
REr$O
T ONO
UI)JN
Yucc

----- - —
-3012. ”
-33*6.

$
-401 ●

-20s ●

-14Y9.

302.-
771.

i
79 ●

32 .
63A.
:;$:

120.

..—
-;j:::

4150.
992J.

10429.
10520.

9914.
5670.

.,, .
. . . . .

P4H
E~UCCI
4 FL4

PtEW Hs!+PSHIRE
CCKC-ORD . . ,

NEH-JtRSEV-”.~” -
L4KEHJPST
NEl+4RK -

-14A4.
-2150.
-3739.

A
1s

. .

-3204e ‘624.
. . Z1A9. 6779.

1700. 5391;’
A9JO* 6bb0.

,.!.-

-13520
-170$.

2A9e
-30d50
-2919.
-29d3.
-23>8.

4904.

i

015.
979.
233.

81.
;;$;:

1435.
999.

:Ost.
-278.
-1 2.

?-1 5.
429-

,. . . . . ., .. .; _
--

‘42ZO0

-4z11.
-4942.
-35db.
-40W1C
-4137.
-29d7m

---- —--
. ...-.

. .
..-

-13370
-1517.
-1860.

-b?b,
-11480
-12410

-148,
.. .. ... -.

,. ..1.,,... ,
,“-,

.v -... .
,., ..,.

\
‘“iwl.

299.
35.

!3:::

f 15.

:..

b

10
●

●

●

●



Table 3 (continued)
200% Resale

hORTH 0AKOT4
f31S’4ARCK
F4RG0
MINOT

OHIO
4KRnN
CIF.CINN4TI
CLFVEL4ND
::;y:$us

TO1.EDb
YCL!JGSTOHN

RHIIOF ISLAND
PRGVIJENCE

SO. CfiRflL1N4
CHARLESTON
coLu~ard
GREENVILLE
GREER

SO#~LJO~4KOT4

PIERRE
RAP19 CITY
51GUX FALLS

TENNESSEE
cH4TT4Ni30Ga
{W~~LE

t’N SI+VILLE

ITi

0% Resale
NP tiG NPVE

-2917, -594.
-271d. -150ao
‘29b7. -1434.

-4454. -1246-
‘26a0- -26i9.
-46dl. -204CI.
‘3916. ‘lbbt).
-41*2. -1209.
-43Y6. -1033.
-42L4e -1489.

-3456. -1102.
-36*O. -1479.

-30/4. -1675-
-3738. -2464e
-:$;:: -::;::

-2005m -2450,
-211J6a -2451-

-102. -113.
-:019. -2240.

-23>8.
-27w7e
-28L9.
-35<3.
-36>3-
-36>7-

-3220- 962.

-=]=::: -489.
-1253.

-16i2. -669.
-261J0. -92.

-2818- A057.
‘2bd8. -21660
-15U0. 708,
-3390. -1042.

‘3bY30 ::$:$:
-3734.
-38u3e -3023.
-3?d9. -2790,

100% Resale
\Pvti

-256,
-118.
-307.

-1544.
2700

-1666.
-1223.
-~235m
-149?.
-1386.

-b4S.
-792m

-336.
-858-

-1376.
2465-

673.
L320

2576.
659*

46Ca

-2f:
-733.
-797.
-725.

-497.

-599.
-:W:

-164.

-218.
33*

1100.
-?3ae

-1117.
-!1910

-1129.
-AL9?~

-2a30
-41O*

-1244.
::;;6:

-7630
-1OZ9O

i78.
-11470
-1452*
-1732.
-199 Q

!-1 ●

-!JW:

APVE

2066.
10s;..
1226.

166’t.
3311.
e95e

12a6.
16550
1$62.
1345.

1665s”
1365m

1CJ63.
416-
‘*9’im

1$05.
211B.
287*

2C25.
498.

1;;:;

l~;;:

312$-
13ae.

3714.

le37.
12340
1510.
2395m

371e.
494.

3368e
1618s

es.
-2Cl~
-27Cm
-1$7.

2171.
StGs*
37140
-;27,

‘VI
*

;:C :
i4s3 ●

i26b0
767.
456,

82.
42060

75.
2302.

NPVE

4727.
3752.
Jd86m

443A.
4216-

380La
32970
33b9.
4700.
3027-
30250
;;$::

6467.

4363-
3721-
4305.
48d2e
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Table 3 (contfnued)

PORT ARTHUR
SAN 4N;EL0
::~w~j;oruc

U4C0’
HICH[T4 F&LLS

L14H
BRYCE C4NYUN
CEi74R CITY
SALT L4KE CITY

VIRGINIA
NORFOLK
RICtiYOV3
R04NOKE

ho vIRGINIA
CHLRLESTUN
tiUNl;NGTON

0% Resale 100X Resale 200% Resale

-1014.
-24>2.
-2$d4.

-4.5a7.

-3304.
-2513.
-2425.
- 3&9.

i- 011.

19910
606$.
4613.

-2170.

1529.
AIOdo

-91.

hISCGNSIN
E4u CLAIRE +::: -2156.
GREE!4 RIAY ‘2315,
L.~L.;;~SE -22d40 -~4f;;

-i523.
M[Ld4LJKEE -3+130 !87.

kYOIllNG
CASPER
CHEYEFJNE

-27g2. - 233.
!‘9u5. - 452.

ROCK SPP!IWGS
1

- 226. -9900
SHEI?ID6N - 3tJb) -2292.

hPvG

-15d4-
-7Et7.

-1321.
283.

-12930
-623*

7b9.
1390

-492.

-1844.

-1501.
-1632.

1646.

-571.
-79.
14C.

)+w:

-4170
12c.

Sec.
-747.

5b ,
f124 ●

-79s.

90.
18d?a
1597.
-453?

hPv E

474.
1:%:

71d.
1571.
1834.

4574*
0671s
1195.

553.

4221.
366$.
2443.

-I*
-y:

+::

1?1.
?76.

42s.
44s.
355.

1$260
3C51.

161$.
1400s
l;M$:

010.

7i560
11253.

9711.

.
.


